T he prevalence of obesity is rapidly rising in Canada and other industrialized nations. More than 60% of adult Canadians are classified as overweight (body mass index [BMI] ≥25 kg/m 2 ) and one-quarter are obese (BMI ≥30 kg/m 2 ), which represents a doubling since 1981 (1). In the United States, prevalence rates for obesity are even higher, with approximately one-third of the adult population being obese.
T he prevalence of obesity is rapidly rising in Canada and other industrialized nations. More than 60% of adult Canadians are classified as overweight (body mass index [BMI] ≥25 kg/m 2 ) and one-quarter are obese (BMI ≥30 kg/m 2 ), which represents a doubling since 1981 (1). In the United States, prevalence rates for obesity are even higher, with approximately one-third of the adult population being obese.
Outpatient data have generally indicated that BMI ≥30 kg/m 2 is a predictor of increased mortality (2) (3) (4) , although this finding may be predominantly influenced by individuals with moderately severe and severe obesity (5) . The impact of obesity (BMI ≥30 kg/m 2 ) on inpatients, and particularly critically ill patients, is much less clear, with studies reporting conflicting results on important outcomes (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . A recent meta-analysis involving >20,000 patients found no evidence of increased mortality (17) , but markers of morbidity, including length of intubation and intensive care unit (ICU) length of stay (LOS), were both increased in the obese patients. Most studies in this area have been limited by either their retrospective design or small sample size.
There are several possible limitations to the use of BMI, both as a marker of adiposity and as a prognostic marker for ICU outcomes, because it does not distinguish patients with different body composition or degrees of edema. Abdominal obesity may be a more relevant issue than BMI, and several population-based studies have demonstrated abdominal obesity to be a powerful predictor of mortality even after correction for BMI (16, 18, 19) . However, there has been very little research investigating whether abdominal adiposity is a better predictor of outcomes compared with BMI in critically ill patients. Interestingly, however, a recent study by Paolini et al (20) reported sagittal abdominal diameter to be a useful predictor of mortality in the ICU.
For the present study, we prospectively evaluated the predictive value of both BMI as well as the waist-to-height ratio (WHR) for ICU mortality and morbidity. WHR has been reported in outpatients as an effective way of predicting cardiovascular morbidity (21, 22) and reflects body morphology more so than BMI. Due to the simplicity of the WHR, we believed it would be optimal to apply to our ICU patient population. and March 31, 2009, were prospectively evaluated. It is a 14-bed, 'closed' unit run by an intensivist-led, multidisciplinary team. University and health region ethics approval was obtained. Exclusion criteria were age <18 years, ICU stay <24 h, brain death on arrival to ICU, pregnancy, admission for possible organ donation, postoperative management of elective cardiovascular surgery, or the presence of either an unclosed surgical abdomen or significant ascites. Additionally, data from subjects with a BMI <18.5 kg/m 2 were recorded but excluded from any comparative analysis because of concern that they may have a higher burden of chronic illness and consequent predisposition toward the complications under study (15) . Only the first ICU admission for any given patient during the study period was evaluated. Only subjects with both BMI and WHR data were analyzed.
On admission to the ICU, height, weight and waist circumference were measured by the ICU staff. The bedside nurse measured waist circumference at the level of the umbilicus with patients supine. Nurses were educated in the appropriate technique, and a set of written instructions with an appropriate diagram was kept available in the ICU at all times. Height was routinely measured on admission by the respiratory therapists becasue it is used in the calculation of target minute ventilation. At time of admission, baseline data collected included basic demographic data, admitting diagnosis, reason for requiring ICU admission, Acute Physiology and Chronic Health Evaluation (APACHE) II score and important comorbidities, as defined by APACHE II criteria (23) . This information is routinely collected at bedside rounds and later verified by a specialty-trained nurse as part of the health region's continuous quality assurance program.
Each patient underwent two different methods for assessment of obesity. First, BMI was calculated using the patient's admission weight in kilograms divided by their height in meters squared. The WHR was calculated using waist circumference (cm) and height (cm) measured at ICU admission. An increased WHR was defined as >75th percentile (WHR75) for the study population. All outcomes were analyzed separately according to BMI and WHR; obese (BMI ≥30 kg/m 2 ) versus nonobese (BMI 18.5 kg/m 2 to <30 kg/m 2 ), and WHR75 versus WHR <75th percentile. Subjects were followed until death or six months post-ICU admission. Two predetermined end points were evaluated: ICU mortality; and a composite of ICU mortality, reintubation, ventilator-associated pneumonia, line sepsis and ICU readmission as coprimary end points. The individual components of this composite outcome, as well as six-month mortality, were analyzed as a priori secondary outcomes.
Statistics
The majority of the statistical analysis was performed using SPSS version 20 (IBM Corporation, USA) for Windows (Microsoft Corporation, USA). Among included patients (those with both BMI and WHR data), basic descriptive characteristics were compared according to obesity status using t tests for continuous variables and χ 2 or Fisher's exact testing for categorical variables. Additionally, included patients were compared as a single group against those excluded from analysis due to missing obesity metrics. Crude associations between obesity and categorical outcome variables were assessed using χ 2 testing or Fisher's exact test. The noncategorical outcomes of LOS and length of intubation were examined as the number of completed days; due to the overdispersed count nature of these outcomes, univariate negative binomial models were used for analysis. The zero-truncated form of the model was required for assessment of the LOS outcome because all stays were at least one full day according to the inclusion criteria; this specific model type was generated using the NL Mixed procedure provided by SAS version 9.3 (SAS Institute Inc, USA). Multivariable forms of logistic and negative binomial regression were also undertaken in an attempt to isolate the relationship of obesity and the specific outcomes apart from associated potential confounders. Prespecified P<0.05 was considered to be statistically significant and all means are expressed with SDs.
RESULTS
There were 463 patients who met the study entry criteria between January 10, 2008 and March 31, 2009. Twelve subjects were excluded due to BMI values <18.5 kg/m 2 . In addition, one subject was excluded from the data for an extreme LOS (204 completed days), this value lying 15.0 SDs from the mean and far beyond the second longest LOS of 63 days. A second subject was excluded because the primary purpose of ICU admission was for palliation. Among the remaining 449 subjects, both BMI and WHR were available for evaluation in 348 (77.5%). Men comprised 216 (62.1%), the mean (± SD) patient age was 54.3±18.1 years and mean APACHE II score was 21.9±8.4. The mean BMI was 29.8±7.0 kg/m 2 . The cut-off for the WHR75 was a ratio of >0.67. The cross-classification of subject on both obesity metrics (Figure 1 ) indicated that a substantial number of patients in the BMI ≥30 kg/m 2 group were not obese according to WHR75, and that very few who were obese by WHR75 did not have a BMI ≥30kg/m 2 ; suggesting that the WHR75 subjects were essentially a subgroup of the BMI ≥30 kg/m 2 subjects. Baseline characteristics of included subjects, combined and stratified according to their respective BMI and WHR obesity status, are presented in Table 1 . Obese subjects were older and had higher APACHE II scores, more frequently experienced cardiac failure and were less likely to have had a traumatic admission than nonobese subjects, regardless of whether they were categorized according to BMI ≥30 kg/m 2 or WHR (Table 1) . Based on the available data, a significant difference between study subjects and those excluded due to missing obesity metrics could not be determined (Table 2) .
Composite end point
The a priori primary composite end point of ICU mortality, reintubation, ventilator-associated pneumonia, line sepsis and ICU readmission occurred in 41.7% of the entire cohort of 348 patients. Obesity, defined as BMI ≥30 kg/m 2 , was not associated with an increased frequency of the composite primary end point compared with the nonobese group (41.1% versus 42.1%). Similarly, for the WHR75 group, there was also no difference in the primary composite end point (42.2% versus 41.5%). Univariate analysis revealed that the only associations with the primary composite end point were the expected risk factors of APACHE II score at admission (P<0.0001) and immunocompromised state (P=0.04); an additional borderline significant risk was also noted for female sex (P=0.07). Given that inclusion of comorbidities and APACHE scores would result in the exclusion of a substantial proportion of subjects due to missing data (Table 2) , together with the potential for bias of the estimates on adjustment, only sex, age and admission type were adjusted for. These three covariates were retained for consistency across all outcomes modelled. Adjustment for these covariates did not lead to a meaningful change in results (Table 3) .
ICU mortality
No difference in ICU mortality rate was detected for obese patients, regardless of whether measured as BMI ≥30 kg/m 2 (17.8% versus 19.3%; P=0.72) or WHR75 (22.2% versus 17.4%; P=0.32) ( Table 3 ). P=0.02). The difference in proportions of WHR obese and nonobese subjects requiring readmission, initially 3.3% versus 11.2%, did not substantially change when subjects who died during the initial ICU admission or were known to be immunocompromised (4.3% versus 12.6%) were excluded.
Figure 1) Classification of obesity according to body mass index (BMI) ≥30 kg/m 2 versus the 75th percentile of waist-to-height ratio (WHR75

DISCUSSION
The influence of obesity on important patient-related ICU outcomes is uncertain. Although the literature has been divided on this issue, the weight of contemporary evidence suggests that obesity (defined as BMI ≥30 kg/m 2 ) is not associated with increased ICU mortality (15, 17, 25) . Our analysis was one of the largest prospective studies in this area and one of the few to simultaneously investigate more than one measure of obesity. Our results support the concept that while obesity may be associated with longer time of intubation and ICU stay (outcomes that are inherently linked), obesity alone is not predictive of increased mortality or adverse outcomes in the ICU.
Our findings are particularly interesting because the obese subgroups had higher acuity of illness scores at the time of ICU admission (Table 1) . One potential explanation for studies that have shown neutral to beneficial effect of obesity on ICU outcomes is that none of the commonly used illness severity scores (eg, APACHE II) have been validated in obese patients or even account for obesity (26) . It may be that obesity complicates the appropriate assessment of many physiological factors used in mortality predictions, such as creatinine clearance, oxygenation, respiratory rate and serum electrolytes, among others. When assessing the effect of obesity on critical care outcomes, correcting for severity of illness score could then lead to the obese subgroup being inappropriately compared with nonobese patients, who are, in fact, more acutely ill. This may have been a factor in our study. We also recognize that some of the comorbidities were more prevalent among obese subjects (Table 1) and may have contributed to the increased acuity of their illness. We did not control for them in the models, however, in part due to their potential role as intermediary factors through which obesity may have its effect. In our study, we found a longer mean ICU LOS for BMI ≥30 kg/m 2 subjects compared with their nonobese counterparts (3.3 days difference, adjusted RR 1.67 [95% CI 1.21 to 2.31]; P=0.002). The association between obesity and prolonged LOS is an interesting, but again inconsistent, finding in the literature (6, 7, 16, 25, (27) (28) (29) . Lengths of intubation and ICU LOS are intuitively linked outcomes; not surprisingly, they were closely related in our study population. It may be that obese patients have longer ICU LOS due to difficult weaning as a result of obesity's deleterious effect on respiratory mechanics and ventilation-perfusion matching. It is also possible that the expectation of more complicated care in obese patients -including airway management, vascular access mobility and glucose control, among othersmay have influenced physician and health care team decisions to keep obese patients in the controlled ICU environment longer than nonobese patients. As such, clinician judgment/bias could be an important factor influencing the lengths of intubation and ICU stay for obese patients.
BMI is the most commonly used measure for obesity because of its simplicity, but it does not assess body composition and, therefore, has inherent limitation as a benchmark for 'obesity'. The question of body composition is particularly relevant for critically ill patients, in whom aggressive fluid resuscitation could elevate the BMI and thereby misclassify some sicker patients as 'obese' (30). Additionally, chronically ill patients often experience substantial muscle wasting, which may result in an artificially low BMI among patients who actually have a relatively high ratio of adipose tissue to lean muscle mass. Finally, we know from outpatient studies that abdominal obesity is actually a better predictor of mortality than BMI (18) (19) (20) , and recent work by Paolini et al (20) suggests that this is also the case in critically ill patients.
The traditional measure of abdominal obesity -the waist-to-hip ratio -has been described for awake, upright patients. We were concerned that this value may not translate well to supine, often comatose, critically ill patients. Because the waist-to-height ratio (WHR) has been reported as an alternative useful assessment of abdominal obesity (21, 22) , and height was already routinely measured by our respiratory therapy staff, the WHR required our nurses to take only one additional measurement at the level of the umbilicus. Additionally, because height values are almost always relatively larger than those for the hip, small measurement errors would have less influence on the WHR than the waist-to-hip measure. We believed, therefore, that the WHR was a simpler, probably more reproducible and likely more sanitary measure than waist to hip. While the WHR75 used in our study involved a different technique than that of Paolini et al (20) , it was drawn from the same concept and had the advantage of being a simple bedside measurement that is easy to perform at no cost. The WHR75 did prove to be thought provoking in that it identified a subgroup of BMI ≥30 kg/m 2 subjects (Figure 1) , with somewhat different results on our outcomes of interest, but the overall signal remained that obesity defined by either metric was not associated with increased ICU mortality or important morbidity.
An important limitation to our study was the fact that we did not have complete data on all 449 eligible subjects. Despite this weakness, our study still describes one of the largest prospectively collected cohorts in this field and we believe it makes a valuable contribution to the understanding of obesity's interaction with critical illness.
CONCLUSION
In our prospective, observational study, we found that WHR75 proved to be a slightly more stringent criteria for obesity (Figure 1 ) than the conventional BMI ≥30 kg/m 2 , with slightly different outcomes. Neither metric was associated with either of our primary end points of ICU mortality or the composite of ICU mortality, ventilatorassociated pneumonia, line sepsis, ICU readmission and reintubation. The relationship between obesity and ICU outcomes is clearly complex and requires study in large, prospective trials before a definitive conclusion can be drawn. Measurements that assess body morphology provide a complementary assessment to BMI and, therefore, result in slightly different patient categorization. Therefore, we suggest that such metrics be considered in the design of future trials.
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